Introduction
Ludwig Guttmann started treating spinal patients in 1944. He rapidly achieved recognition for his clinical management but it was his outstanding research work on autonomic dysre¯exia, published in 1947, that established his scienti®c contribution. This work, more than 50 years later, is still acknowledged as being seminal.
In 1947 L Guttmann and D Whitteridge 1 described how distension of viscera in a series of spinal patients had`set up a response of autonomic mechanisms, which had induced profound eects on the cardiovascular activity in parts of the body above the level of the spinal lesion'.
The paroxysmal rise in blood pressure is recognised as being life threatening. These observations were not made in isolation but were part of a continuing series of studies on the sweating mechanisms and their control by the spinal cord initiated by Guttmann when he worked in Germany.
I have found this application for a research grant by Guttmann dated 21st November 1943 and 14th January 1944 to study sweating mechanisms in spinal cord injured patients at Stoke Mandeville Hospital which has not been published. It was overtaken by the de®nitive study with Whitteridge in 1947. 1 It reveals the evolution of Guttmann's and Whitteridge's discoveries of the mechanism of autonomic dysre¯exia and ®lls a gap in our understanding.
I worked with Guttmann in 1956, published two papers with him on sweating in conjunction with C Wyndham in 1958 2 and W Randall in 1963, 3 and other papers on the autonomic control of peripheral blood ow. 4, 5 Thus I am in a position to comment on the signi®cance of the research application (see Appendix).
Discussion
Guttmann's list of publications Foerster, Guttmann's chief in Germany, was interested in the control of sweating by the spinal cord. Guttmann started publishing on the subject with List in 1928. He wrote about his sweat test in the seventh paper published in 1937 and described visceral distension causing sweating in 1938. By 1940 he was working on peripheral nerve injuries in Oxford. He was already an expert on the autonomic control of sweating and published a paper in 1941 on the Quininzarin method of studying sweating. He was known at Oxford as`sweaty Guttmann.' He did not carry out any studies at that stage on peripheral blood¯ow or blood pressure.
Despite being single-handed with a huge clinical burden of sick paraplegic patients in the terminal stages of toxaemia, he had applied for a very comprehensive research grant and three sessions to do research which is a mark of the man and the signi®cance that he placed on research work.
Materials and methods
Guttmann recognised the correlation between sweating and blood¯ow. He described how the Quinizarin method was used as an indicator of sweat gland activity and, for the thermo-regulatory sweat test, a special chamber was designed. Observations were made on the onset, amount and distribution of sweating in various parts of the body, techniques that I was trained to use at Stoke Mandeville Hospital.
bladder. For the body temperature test, a thermocouple apparatus was used.
There is no record of the need for blood pressure monitoring.
The clinical observation that prompted the study Following a cystometrogram on 13.3.44 on a patient with a complete transverse lesion at T4, Guttmann described in detail the eects of distension of the bladder which he took to be a mass response. There is no description of the blood pressure or pulse being studied so, in the ®rst of the six patients, he did not recognise that blood pressure was being aected.
The same autonomic mass response was found in ®ve other cases of complete spinal cord lesions and he promised more work would be published on the subject in due course. It was between January 1944 and March 1944 that the observations were made on the six patients.
The ®gure Unfortunately the photographs of the patients are missing from Guttmann's report but the ®gure survives. Although there is no record of blood pressure, there are meticulous and accurate observations in Guttmann's own handwriting.
Fitting the jigsaw together Viscero-cutaneous re¯exes had already been recognised by Carmichael et al 6 and Guttmann, 7 himself had written a paper on the subject in 1938. When Guttmann's application was made in 1944, he was not aware of the signi®cance of the blood pressure. Whitteridge was assisting him in setting up the equipment, such as the thermocouples occasionally, but they were not working as a team. The crux of the study was the eects of bladder distension on sweating, vaso-motor function and skin temperature. He described sweating and headaches which he related to the bladder but there was no record of the blood pressure and he was proceeding to study the mechanism on the basis of blood¯ow and sweating alone.
It was during these studies that he fortuitously discovered that the blood pressure was raised. This served as the lynchpin of our understanding of autonomic dysre¯exia.
Guttmann recognised that sweating was only one manifestation of autonomic function and he pursued the blood¯ow control with Gilliatt, who was a medical student, which was published in 1948. 8 They were not aware of the overall cardiovascular changes since blood pressure was not recorded. There is no date but this work must have been carried out after March 1945 (when the last patient was injured) and before March 1947 when the paper was submitted.
Under the features that could interfere with the observations, they refer to contraction of the bladder causing autonomic disturbance and they refer to the Proceedings of the Royal Society of Medicine. 9 In the Proceedings of the Royal Society of Medicine 9 held on December 12 1946, Guttman described several patients with complete upper cord lesions, who, on distension of the bladder, developed patchy¯ushing of the face and neck, profuse localised sweating over the head and shoulders or at the level of the lesion, blockage of the nasal air passage and nasal voice, a slow pulse with occasional extrasystoles, respiratory discomfort and fullness in the head which progressed to severe occipital or frontal headaches. A research team was organised with Whitteridge and they found`in such cases, the rise of blood pressure due to bladder distension was high and values of 190 ± 260 mm.Hg of systolic and 125 ± 135 mm.Hg of diastolic blood pressure were recorded. ' By 1946 Guttmann realised that the rise in the blood pressure was the key to the problem and to investigate this, he arranged a collaborative study with Whitteridge which resulted in the paper that was published in 1947. 1 
Guttmann's relationship with Riddoch
On page 4 of his report Guttmann talked about thè mass response', which was a phrase coined by Head and Riddoch in the First World War to describe these phenomena. 10 In the introduction to his paper with Whitteridge, 1 Guttmann acknowledged the work by Head and Riddoch in 1917 but of particular interest is the letter from Guttmann to the Secretary of the Medical Research Council dated 12 January 1945 which said`Brigadier Riddoch, who was here at the end of last month, has already seen the details of my research, and he has asked me to publish them.' Riddoch was responsible for Neurology in the army and at Stoke Mandeville Hospital and this letter demonstrates that he was closely involved in Guttmann's work. Guttmann says that he is`under the general supervision of Brigadier Riddoch' and states that he was doing three half-days per week research work.
Riddoch was a Neurologist to the Army and was Chairman of the Peripheral Nerve Injuries Units under which Spinal Units fell. He tried to organise a chain of spinal units throughout the UK. A unit at Stoke Mandeville Hospital should have been set up in 1940 but owing to local politics and the inability to provide adequate consultant cover, the unit did not open until 1944. At one stage Riddoch oered, on top of his other responsibilities, to be the visiting neurologist at Stoke Mandeville Hospital.
Guttmann remained on aectionate terms with Riddoch. He acknowledged his debt to Riddoch, dedicated his textbook of spinal injuries to him, whom he regarded to be the father of spinal injuries.
Conclusion
This fascinating application reveals the evolution of Guttmann's and Whitteridge's discoveries of autonomic dysre¯exia, showing that the blood pressure eect was realised late on and demonstrates the close relationship which Guttmann had with Riddoch, both in setting up the Spinal Unit and as his mentor in research work.
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